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doi:10.1016/j.ejvs.2009.03.025Abstract Objective: Sizing of aortic endografts is an essential step in successful endovascu-
lar treatment of aortic pathology, although consensus regarding the optimal sizing strategy is
lacking. Some proximal oversizing is necessary to obtain a seal between the stent graft and the
aortic wall and to prevent the graft from migrating, but excessive oversizing might influence
the results negatively. In this systematic review, we investigated the current literature to
obtain an overview of the risks and benefits of oversizing and to determine the optimal degree
of oversizing of stent grafts used for endovascular abdominal aortic aneurysm repair.
Methods: PUBMED, EMBASE and Cochrane Library databases were searched for articles related
to the impact of proximal endograft oversizing on complications after endovascular aneurysm
repair. After in- and exclusion, 23 relevant articles reporting on 8415 patients remained for
analysis and critical appraisal.
Results: Most studies that investigated neck dilatation are flawed by poor methodology. No
clear relationship between proximal oversizing and neck dilatation relative to the first post-
operative scan was found. None of the studies described a positive relationship between the
degree of oversizing and the incidence of endoleaks. On the contrary, oversizing up to 25%
seems to decrease the risk of proximal endoleaks. There are conflicting data regarding the risk
of graft migration when oversizing by more than 30%.Prehn, MD., Room G.04.129, University Medical Center, P.O. Box 85500, 3508GA Utrecht,
65; fax: þ31 088 7555017.
ht.nl (J. van Prehn).
ty for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Abdominal Aortic Endograft Oversizing 43Conclusions: Based on the best available evidence, the current standard of 10e20% oversizing
regime appears to be relatively safe and preferable. Oversizing >30% might negatively impact
the outcome after EVAR. Studies of higher quality are needed to further assess the relationship
between proximal oversizing and the incidence of complications, particularly regarding the
impact on aneurysm neck dilatation.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Sizing of aortic stent grafts, also referred to as endog-
rafts, is an essential step in successful endovascular
treatment of aortic pathology, but consensus regarding
the optimal sizing strategy is lacking. It is well established
that endovascular aneurysm repair (EVAR) has superior
peri-operative mortality when compared with open repair,
in properly selected patients.1,2 However, in the long
term, EVAR is associated with specific complications which
may require re-intervention. Among those complications
the most disturbing include neck dilatation, graft migra-
tion and type I endoleaks.3e5 The proximal type I endo-
leak is the most important cause of abdominal aortic
aneurysm (AAA) rupture after EVAR,6 and type I endoleaks
and migration are the most common reasons for re-
interventions.7 The problems related to the proximal
aneurysm neck are therefore an important cause for re-
interventions.8 Most physicians agree that to prevent
complications, accurate endograft sizing is of utmost
importance. With appropriate sizing, a proper fixation and
seal can be accomplished. Undersizing of a stent graft will
result in incomplete and inadequate apposition of the
endograft to the aortic wall with subsequent perigraft
flow (endoleak) or inadequate fixation with the potential
risk of migration. Oversizing of self-expandable stent
grafts appears to be beneficial, because it will increase
the radial force which will subsequently lead to improved
proximal fixation and sealing. Excessive oversizing may
however increase the risk of complications, such as
endograft infolding or dilatation of the aneurysm neck,
with subsequent migration of the endograft.9e11 Most
instructions for use (IFUs) of the current endografts
recommend 10e20% oversizing with respect to the pre-
operative aortic diameter. However, there is currently no
consensus with regard to the optimal strategy for endog-
raft sizing for endovascular aortic aneurysm repair
(EVAAR). Endograft sizing is not being uniformly per-
formed among the various medical centres. Some physi-
cians measure the outer-to-outer diameter of the
aneurysm neck, while others base their sizing decisions on
inner-to-inner (luminal) measurements. For example, the
Excluder IFU (W.L. Gore & Associates Inc., Flagstaff, AZ,
USA) recommends oversizing with respect to the aortic
inner diameter,12 while the Cook Zenith IFU (Cook Inc.,
Bloomington, IN, USA) states that the aortic outer wall
diameter should be measured.13 The purpose of this
systematic review of available literature is to provide
insight into the optimal strategy for sizing of stent grafts
for treatment of aortic aneurysmal disease. To this end,
evidence is searched for proximal endograft oversizing
(relative to the pre-operative aortic diameter of the
aneurysm neck) as a determinant for prevention and/or
induction of complications in patients treated by EVAR.Methods
Literature search
The search strategy and data collection in this study are
based on the search strategy and data collection guidelines
of the Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE).14 PUBMED, EMBASE and Cochrane Library
databases were searched on 20 October 2008. For PUBMED
and EMBASE, specific search strings were used, which con-
sisted of the following combination of terms and synonyms:
(1) aortic aneurysm, (2) endograft and (3) sizing. No
publication date restrictions were applied. The exact
search strings can be found in Appendix I, and a flowchart
of the search strategy is shown in Fig. 1. The search
strategy resulted in 682 PUBMED articles and 580 EMBASE
articles. A manual search of the Cochrane Library database
did not reveal any relevant articles. After disregarding the
duplicate articles, 830 unique articles remained.
Selection of articles
Titles and abstracts were screened for relevance by two
independent investigators (J.v.P. and F.J.S.). Inclusion
criteria for relevance were (1) the domain of the article
consisted of patients who underwent EVAR for AAA repair
and (b) the extent of proximal endograft sizing was asso-
ciated with the risk of one or more complications after
EVAR. In addition, all experimental articles that addressed
the relation between abdominal endograft sizing and
complications were also included. All articles that were not
written in English were excluded. The articles with the
smallest number of patients were excluded when several
different articles reported the same outcome in the same
cohort with additional number of patients. One article was
excluded for the outcome of neck dilatation,15 since a more
recent paper with a larger cohort existed,16 although the
excluded paper was included for the outcome migration.15
Reference lists of the identified articles were manually
screened to search for additional relevant articles. This
resulted in one extra article for the outcome migration.17
The strategy resulted in a final selection of 23 relevant
articles.
Data extraction
The following data were extracted from the relevant arti-
cles: author, publication year, study design, number of
patients, type of endograft used, follow-up findings and
duration, the precise extent of oversizing that was used,
number and timing of complications, imaging and sizing
Figure 1 Flowchart of the literature search
44 J. van Prehn et al.methods performed, repeatability of measurements and all
results related to the association of oversizing of stent
grafts with the risks of complications, including hazard
ratios, correlation coefficients, absolute and relative
differences between groups, relative risks, p-values and
95% confidence intervals. Validity of the selected articles
was appraised according to the levels of evidence from the
Oxford Centre for Evidence-Based Medicine.18
Results
The final selection of articles consisted of 23 articles, of
which five were experimental studies and 18 observational
studies including 8415 patients who underwent EVAR
(Fig. 1). All these studies reported about the benefits or
risks of oversizing of EVAR stent grafts. The identified
articles investigated the association between oversizing
(relative to the pre-operative aneurysm neck diameter) andthe risk of endoleak, neck dilatation and/or graft migra-
tion. One article reported on all mentioned complica-
tions,11 and another reported on both dilatation and
migration.10 No articles studied the influence of endograft
oversizing on other complications during follow-up after
EVAR. This article describes our main findings in relation to
type of complication.
Endoleaks
In six studies, the proximal endograft sizing was investi-
gated as one of the determinants of endoleak after EVAR
(Table 1).3,11,19e22 No randomised controlled trials were
found. Three small (N 87) studies (Dias et al., Petrik and
Moore, and Matsumura and Moore) searched for differences
in the amount of oversizing between patients with or
without endoleak, but none of them found a statistical
difference.19e21 Similarly, Sternbergh et al. found no
Table 1 Sizing and endoleaks e clinical studies.
Author Study design LOE N Devices Follow up (months) Oversizing Endoleaks (n) Conclusion
Sternbergh
et al.11
Prospective
multicenter trail
Prospectively
collected data
Retrospective
analysis
2B 351 Zenith 12, nZ 256
24, nZ 169
30% vs.> 30% 12 M:
EL 18/229 vs 3/27 pZ 0.47
EL1&3: 5/229 vs 0/27 pZ 0.99
EL2 11/229 vs 3/27 pZ 0.17
Oversizing >30% not
associated with more
endoleaks (types 1&3,
type 2, all)
24 M:
EL 10/150 vs 2/19 pZ 0.63
EL1&3 0 vs 0
EL2 7/150 vs 2/19 pZ 0.27
Sampaio
et al.22
Single center (a)
Cohort study
Retrospective
analysis
2B 202/257 175 AneuRx
38 Ancure
17 Others
Median 340
Range
22e-1954
10% increment 8 proximal type 1 Percentage oversizing
not associated with
probability of EL1.
HR 0.82 (95%CI: 0e1.59)
pZ 0.555
Mohan
et al.3
Muliticenter
clinical study
Retro- + prospectivec
2B 2146/2194 40% Vanguard
18% AneuRx
15% Stentor
13% Talent
14% Others
Peri-operative proximal oversizing
ratio modelled to risk
of proximal EL
359 total
70 proximal type 1
78 distal type 1
144 type 2
35 type 3
Significant decrease
incidence of proximal
EL at 10% oversizing,
narrow CI up to 25%.
Dias et al.21 Single center
cohort study
Retrospective (a)
analysis
4 33 12 custum
Z-stent
21 Zenith
Peri-operative EL: median 4.0 mm
NOL: median 4.0 mm
10 proximal type 1 No difference oversizing
EL vs. NOL
pZ 0.47
Petrik and
Moore20
Single center
cohort study
Retrospective
analysis
2B 87/100 EVT Range 3e72 EL: 1.7; 2.0; 1.4mmb,d
NOL: 1.4; 1.4; 0.24mmb,d
34 total (14; 13; 7d) No difference oversizing
EL vs NOL
pZ 0.88; 0.63; 0.54d
Matsumura
and Moore19
Multicenter trail
Retrospective
analysis
2B 59/68 EVT Mean 27
Range 2e48
EL: 5 12%b
NOL: 7 12%b
28 postoperative:
6 proximal type 1
14 distal type 1,
3 proximal and distal type 1,
5 indeterminate,
No difference oversizing
EL vs NOL
pZ 0.43
4 late leaks (1 recurrent; 1 second)
NZ number of patients analysed/number of patients in cohort; LOEZ level of evidence; ELZ endoleak; NOLZ no endoleak; CIZ confidence interval.
a Not properly described.
b Not described if mean or median.
c Data from the EUROSTAR registry consist of a retrospective cohort and a prospective cohort from July ’96 onwards.
d For tube, bifurcated and aortoiliac grafts respectively.
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46 J. van Prehn et al.significantly different risk of endoleak (types I & III, II, all)
in patients with (NZ 27) and without (NZ 229) >30%
proximal oversizing of the Zenith suprarenal fixation
graft.11 Sampaio et al. also showed no significant associa-
tion between proximal oversizing and the risk of type I
endoleak in patients who predominantly had stent grafts
implanted with infrarenal fixation (NZ 202).22 Mohan et al.
studied 2164 patients from the EUROSTAR database, with
several types of endografts, and found a significant
decrease of the risk of proximal endoleak that started at
10% oversizing, with narrow confidence intervals for up to
25% oversizing.3
Two experimental studies investigated the relation
between sizing and endoleaks.9,23 Schurink et al. studied
placement of over- and undersized Gianturco Z-stents and
Palmaz stent grafts in human cadaveric aortas coupled to
an in vitro circulation.9 For the Gianturco stent, a signifi-
cant relation (pZ 0.04, rZ 0.83) between the biggest fold
and percentage oversizing was observed.9 The grade of
endoleak was correlated with the sizes of the fabric folds
(pZ 0.022, rZ 0.88). It was concluded that Gianturco
stents should be oversized as little as possible to prevent
infolding with the subsequent risk of endoleak.9 With the
Palmaz stents, no folds were observed, but in case of an
undersized graft, space was observed between the graft
and the wall.9 Amblard et al. developed a finite element
model of the endografteplaqueeaorta system.24 It was
confirmed that a decrease of radial force will induce the
presence of type I endoleak through the graftewall sepa-
ration and that oversizing of at least 20% may help prevent
the occurrence of type I endoleaks.24
Aneurysm neck dilatation
Nine clinical articles investigated the association between
proximal endograft sizing and proximal neck dilatation
after EVAR. These nine articles all retrospectively analysed
the CTA scan findings.4,10,11,16,25e29 All studies that
expressed dilatation as diameter change measured the
minor axis of the aortic neck to minimise the influence of
angulation on diameter measurements. The measured
aortic level was that on which the graft was first (partially)
visible, 4,10,25,27,28 or at a fixed distance from the renal
arteries. 11,16,26,29 The exact methodology of the studies
can be found in Table 2.
Three articles (Connors et al., Badran et al. and Sampaio
et al.) compared the neck diameter measured on follow-up
scans to the pre-operative scans (Table 3A).10,16,29 Badran
et al. described the only cohort with some suprarenal
fixation devices.29 All three studies (NZ 69, 68 and 144
respectively) described a significant positive correlation
between proximal oversizing and neck dilatation at the
proximal attachment site.10,16,29 However, in Sampaio’s
study a significant correlation was demonstrated only
directly post-operative.16
Six articles used the first post-operative scan as a baseline
for the calculation of the aneurysm neck dilatation during
follow-up (Table 3B).11,25e28 Two studies used area
measurements in a reconstructed plane perpendicular to the
aorta.26,27 Both used infrarenal fixation devices.26,27 Wever
et al. (NZ 33) demonstrated no correlation between over-
sizing and dilatation.26 In contrast, Prinssen et al. (NZ 27)described a significant correlation between oversizing and
dilatation (rZ 0.55, pZ 0.03) at the level of the proximal
attachment site.27 Cao et al., Matsumura and Chaikof and
Makaroun et al. studied the dilatation of the proximal
attachment site as well.4,25,28 Only Cao (NZ 230) had some
suprarenal fixation devices in his cohort. This study could not
find a significant association between >15% oversizing and
neck dilatation 3 mm.4 Matsumura and Chaikof (NZ 51)
also could not find a correlation between endograft over-
sizing and dilatation.25 Makaroun and Deaton found a signif-
icant association (NZ 314) between oversizing and
>2.5 mm dilatation with univariate analysis after 2 years of
follow-up (pZ 0.038).28 However, multivariate analysis,
adjusted for initial neck diameter, showed no independent
correlation between oversizing and dilatation in this study.
Sternbergh et al. (NZ 264) had patients with the Zenith
suprarenal fixation device in his cohort, and studied dilata-
tion directly distal to the lowest renal artery.11 The
percentage oversizing (>30% vs30%) did not correlate with
aneurysm neck dilatation at 1 and 2 years.11 No experi-
mental studies were identified that investigated the impact
of endoprosthesis oversizing on aortic neck dilatation.
Graft migration
Six clinical articles studied the association between prox-
imal oversizing and graft migration (Table 4).5,10,11,15,17,30
No randomised controlled trials were found. Three studies
defined migration as an increase in the distance between
the lowest renal artery to the top of the stent of 5 mm or
more,10,11,15 and one study used a 10-mm threshold.17
Zarins et al.5 as well as Mohan et al. noted clinically rele-
vant migration, as deemed by the interventional team, in
addition to the 5-mm threshold.30
The six studies included three single-centre studies with
implantation of AneuRx devices (infrarenal fixation).10,15,17
Sampaio et al. studied 109 patients, of which nine suffered
migration and showed no significant association between
oversizing and migration.15 Cao et al. (NZ 113) also found
that oversizing >15% was not associated with migration.17
Connors et al. conducted a small single-centre study in
which 15 out of 69 patients with AneuRx endografts had
migration.10 The difference in oversizing between migra-
tors and non-migrators (23.5% vs 18.2%) was not signifi-
cant.10 Late neck dilatation was associated with graft
migration during follow-up in this study.
Sternbergh et al., Zarins et al. and Mohan et al. con-
ducted large multicentre studies with implantation of the
Zenith, AneuRx and different types of stent grafts.5,11,30
Only Sternbergh et al., who studied 351 patients with
a suprarenal fixation device, found a significant association:
>30% oversizing significantly increased the risk of migration
compared to 30% oversizing (14% vs 1%, odds ratio 18.4;
pZ 0.002).11 Zarins et al. did not demonstrate a significant
association between the degree of oversizing (<10% vs
10e30% vs >30%) and graft migration of infrarenal fixation
devices.5 Mohan et al. investigated the EUROSTAR multi-
centre database (NZ 2862) and found 99 patients with
migration (3.5%). Univariate analysis revealed no associa-
tion between oversizing and graft migration, and the
migration incidence did not differ significantly between
several types of grafts.30
Table 2 Sizing and dilatation e methodology of studies.
Author Study design LOE N Devices Follow up
(months)
Domain End-points CT section Measurement method
(diameter, area, slice)
Observer
variability
Sampaio
et al.16
Single Center
Retrospective
cohort
2B 144 112 AneurX
32 Ancure
AneurX:
median 257
Ancure:
median 629
EVAR D 2.5 mm Shortest axis
midneck (between
distal renal artery
and AAA)
NR
Sternbergh
et al.11
Prospective
Multicenter Trail
Retrospective
Analysis
2B 351 Zenith 1 yr nZ 264
2 yr nZ 171
EVAR M, S, D, E,
R, C, DE
3 mm Shortest axis
1st slice distal to
lowest renal artery
Measurements by
core laboratory
No variability
analysis
Cao et al.4 Single Center
Prospective Cohort
Retrospective
Analysis
2B 230/318 176 AneurX
26 Excluder
14 Zenith
13 Talent
1 Endologix
median 24
(12e54)
EVAR
infra- +
suprarenal
D 5 mm Shortest axis
1st slice half portion
of graft visible
Agreement
KZ 0.64
Badran
et al.29
Single Center
Retrospective
cohort
2B 68/73 23 Vanguard
19 AneurX
10 Talent
21 Others
mean 25.5
range 6e61
EVAR D, S,a M,a Ea 5 mm Shortest Axis
7.5 mm distal to lowest
renal artery
Intra-observer
1.6 mm
Conners et al.10 Single Center
Prospective
Cohort
Retrospective
Analysis
2B 69/94 AneurX mean
33.2 1.1
EVAR
infrarenal
M, Da 2.5 mm Shortest axis1st slice
portion of graft visible
NR
Makaroun and
Deatop28
Multicenter Trail
Retrospective
Analysis
2B 314/>700 Ancure 1 yr nZ 314
2 yr nZ 226
3 yr nZ 59
EVAR D 5 mm Shortest axis
1st slice half
circumference of
graft visible
Measurements by
core laboratory.
No variability
analysis
Prinssen
et al.27
Single Center
Retrospective
cohort
2B 27/37 EVT/Ancure 1 yr nZ 27
2 yr nZ 13
EVAR
infrarenal
D NR Area Center Lumen Line
1st slice complete graft
hook set
NR
Wever et al.26 Single Center
Retrospective
cohort
2B 33/54 EVT 1/2 yr nZ 33
1 yr nZ 24
2 yr nZ 9
3 yr nZ 5
EVAR
infrarenal
D NR AreaCenter Lumen
Line10 mm below
lowest renal
NR
Matsumura25
and Chaikof
Multicenter Trail
Retrospective
analysis
2B 54/59 EVT mean 27 8.6
range 2e46
EVAR D NR 1st slice
complete graft hook set
NR
NZ number of patients analysed (included/total); LOEZ level of evidence; NRZ not reported; DZ dilatation; MZmigration; EZ endoleak; SZ aneurysm sac size; RZ rupture;
CZ conversion; DEZ death.
a Secondary endpoint.
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48 J. van Prehn et al.In addition, three experimental studies investigated the
influence of oversizing on the required force to dislodge
endografts distally. Malina et al. used cadaveric aortas to
measure the longitudinal distraction that was required to
dislodge Z-stents from the aorta.31 Stent graft oversizing had
no effect or only slightly increased the required force for
displacement of stent graftswith orwithout hooks andbarbs,
respectively. Lambert et al. investigated the longitudinal
load needed for 5-mm dislodgement of 24-mm nitinol self-
expandable stents in cadaveric aortas. Wider aortas with
a relatively less oversized stent needed less load to dislodge
the stents compared to smaller aortas with relatively more
oversizing: 336 vs 305 g for aorta diameters <20 and
>20 mm, respectively.32 A second experiment measured an
increased radial depression of the stent with an increasing
applied radial load: more deformation of the graft generates
a greater radial force, which therefore is a benefit of over-
sizing.32 Zhou et al. assessed the force needed for 5 mm
migration and final dislodgement of regular and fenestrated
Zenith grafts in bovine aortas.33 The mean force for 5 mm
migration increased from 3.4 N with 5% oversizing to 7.7 N
with 20% oversizing for non-fenestrated stents.33 For final
displacement, the mean forces of 8.1 and 16.8 N were
needed, respectively. 33 Fenestrated stents needed signifi-
cantly higher distraction forces at all levels of oversizing.33
Discussion
In this study, a systematic review was conducted to inves-
tigate the relationship between proximal endograft over-
sizing and complications after EVAR. We discuss the main
findings with respect to type of complication.
Endoleak
In the current literature, two mechanisms are suggested by
which endograft sizing may induce and prevent proximal
type I endoleaks. Oversizing might cause endograft folding
with subsequent risk of endoleak. On the other hand, an
endograft needs to be oversized to accomplish radial force
to maintain adequate graftewall integrity (proximal seal).
Undersizing will result in a compromised seal. None of the
studies found a significant positive association between
proximal graft oversizing and endoleak,19e22 nor when
oversizing exceeded 30%.11 Rather there appears to be an
advantageous effect of oversizing of 10%, even up to 25%,
as demonstrated by Mohan et al. in a cohort with several
different types of stent grafts.3 This study appears to be
the most valid article in our selection, because of a large
sample size, the multicentre aspect and the (predomi-
nantly) prospectively collected data. No important differ-
ences between the results of infra- and suprarenal fixation
devices were found in the current article.
Aneurysm neck dilatation
Two mechanisms are suggested by which oversizing might
either prevent or cause complications due to neck dilatation
after EVAR. On the one hand, stent grafts should be able to
self-expand after implantation to compensate for ‘natural’
neck dilatation, which may otherwise lead to proximal
Table 3B Sizing and dilatation (compared with first post-operative scan) e results.
Author Subgroup Postoperative N 6 months N 1 year N 2 year N 3 year N Conclusion
dilatationa dilatation dilatation dilatation dilatation
Sternbergh
et al.11
e 0.7 0.12 mm
3.0 0.4%
298 1.3 0.1 mm
5.6 0.4%
278 1.4 0.1 mm
5.9 0.5%
264 1.4 0.2 mm
6.1 0.7%
171 e e % oversizing (30% vs. >30%)
not correlated with dilatation
1 yr r2Z 0; pZ 0.86
2 yr r2Z 0.001; pZ 0.69
Cao et al.4 All 0.5 mm 230 e e e e 3 mm
NZ 65
230 e e Univariate analysis: no
association oversizing >15%
and dilatation
pZ 1
>15%
Oversizing
e e e e e e 3 mm
NZ 30
106 e e
Makaroun and
Deaton28
All 1.6 mm 314 e e 0.7 mm 314 e e e e
Univariate analysis: at 2 yr
significant association
oversizing and dilatation
pZ 0.038
Multivariate analysis: no
independent correlation
between oversizing
and dilatation
>10%
oversizing
e e e e >2.5 mm
NZ 20
149 >2.5 mm
NZ 18
102 >2.5 mm
NZ 4
21
10e20%
oversizing
e e e e >2.5 mm
NZ 14
92 >2.5 mm
NZ 19
67 >2.5 mm
NZ 4
20
20e30%
oversizing
e e e e >2.5 mm
NZ 2
32 >2.5 mm
NZ 8
21 >2.5 mm
NZ 1
5
Prinssen
et al.27
e e e e e e e median 20%b
(16e27)
27 median 23%b
(18e28)
13 Significant correlation
oversizing and dilatation
rZ 0.55; pZ 0.03
Wever et al.26 e e e median 10.3%b
(IQR 4.9e15.1)
33 median 15.5%b
(IQR 11.7e24.4)
24 e e e e No correlation oversizing and
dilatation rZ 0.08 pZ 0.67
Matsumura
and Chaikof25
All e e e e e e 1.9 2.3 mm 35 e e Endograft size mismatch (mm) not
correlated with dilatation
1 yr rZ 0.131
2 yr rZ0.088
Endoleak e e e e 0.8 2.1mmc 25 0.3 1.2 mmc 17 1.7 0.7mmc 2
No Endoleak e e e e 0.5 2.1mmc 26 1.5 2.2mmc 18 -0.1 1.3mmc 4
Migration e e e e 0.6 1.9mmc 44 1.0 1.9mmc 29 0.3 1.5mmc 5
No Migration e e e e 1.5 3.0mmc 7 0.5 1.5mmc 6 1.2 mm 1
NZ number of patients.
a Compared to pre-operative scan.
b Area increase.
c Yearly increment. Dilatation is presented as mean, unless stated differently.
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Table 4 Sizing and migration e clinical studies.
Author Study Design LOE N Devices Follow up
(months)
Migration definition Migration (n) Conclusion
Sampaio
et al.15
Single center
Cohort study
Retrospective analysis
2B 109/
186
Aneurx median 8.6
(1e30.6)
CTA
5 mm
9 (8.3%) Migration independent
of oversizing
HR 0.89 (95%CI 0.48-1.54)
with 10% increment; pZ 0.7
Sternbergh
et al.11
Prospective multicenter
trail
Retrospective analysis
2B 351 Zenith 12, nZ 256
24, nZ 69
CTA
>5 mm
12 M:
>30% oversizin 4/29 (14%)
30% oversizin 2/232 (0.9%)
>30% oversizing increased
risk of migration
OR 18.4 (95%CI 3.22e106.01);
pZ 0.002
Zarins et al.5 Multicenter trail
Retrospective analysis
2B 1119/
1193
Aneurx 30 11(0.5e61) CTA, abdominal
X-ray, angiography,
pathologic analysis:
any movement
94 (8.4%)
<10% oversizin 25/222 (11%)
10e30% oversiz g: 62/800 (8%)
>30% oversizin 6/60 (10%)
Univariate analysis:
degree oversizing and
correct (10e30%) vs incorrect
(<10% or >30%) oversizing no
significant predictors
Mohan
et al.30
Multicenter clinical study
Retro- + prospectivec
2B 2862 891 Vanguard
706 AneurX
310 Stentor
375 Talent
125 EVT
19 Lifepath
NR CTA, angiography, MRI
>5 mm or
clinically relevant
99 (3.5%) Univariate analysis:
oversizing not associated
with migration
Connors
et al.10
Single Center
Prospective Cohort
Retrospective Analysis
2B 69/94 AneurX 33.2 1.1 CTA
5 mm
15 (22%)
20% oversizin 8
>20% oversizin 7
Non-significant difference
oversizing in migrators
compared to non-migrators
23.5 3.6% vs 18.2 1.4%;
pZ 0.11
Cao et al.17 Single Center
Prospective Cohort
2B 113/
148
AneurX 28
(24-26)
CTA
5 mm
17 (15%)
>15% oversizin 9
Oversizing >15% not associated
with migration pZ 0.6
NZ number of patients analyzed/number of patients in cohort ; LOEZ level of evidence; HRZ hazard ratio; ORZ odds ratio; CIZ nfidence interval; NRZ not reported.
a Data from the EUROSTAR registry consist of a retrospective cohort and a prospective cohort from July ’96 onwards.
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Abdominal Aortic Endograft Oversizing 51endoleaks and migration. On the other hand, the increased
radial force of oversized endografts might actually induce or
accelerate aortic wall degeneration and dilatation. The
three articles that compared the neck diameters during
follow-up to the pre-operative scans found a significant
relation between oversizing and neck dilatation, but all are
limitedby the small patient numbers during follow-up.10,16,29
The association found was only moderate (correlation coef-
ficients <0.5) and is likely to be caused by initial neck dila-
tation, shortly after implantation of the oversized stent
grafts. In contrast, the three studieswith the largest cohorts,
compared the neck diameters to the first post-operative
scans.4,11,28 Only Makaroun and Deaton found a significant
correlation after 2 years of follow-up with univariate anal-
ysis, which was however not significant after multivariate
analysis.28 By threshold, oversizing self-expandable devices
>15% (several types of stent grafts)4 and >30%11 did not
increase the risk of dilatation.
It is striking that except for the study of Cao and Badran,
no other studies performed a formal repeatability analysis
to validate their measurements.34 This is especially rele-
vant in the aortic aneurysm neck, as most diameter changes
reported approximate or are within a repeatability of
2 mm. The approach of Cao and Makaroun, who defined
a threshold of significant diameter change (2.5 and 3 mm,
respectively) therefore seems most reliable.29 Further, the
majority of studies used axial reconstructions and
measured the minor axis of the aorta. However, if the aorta
is not totally circular, or expands elliptically during the
cardiac cycle, implantation of a circular endograft will
automatically result in a minor increase of diameter by
changing the aortic geometry.35,36 Wever and Prinssen
correctly studied the perpendicular aortic area, but these
studies are unfortunately limited by small sample sizes. In
conclusion, most studies investigating neck dilatation are
flawed by an inadequate methodology, and therefore more
studies of higher quality are needed. The best available
evidence shows no direct correlation between proximal
endograft oversizing of both supra- and infrarenal fixation
devices and aneurysm neck dilatation during follow-up.
Graft migration
With respect to endograft migration, the experimental
studies indicate that the radial force exerted by an
endograft is increased by oversizing.31e33 Of the six clinical
studies, one described a significant association between
>30% oversizing and migration of the Zenith device.11 This
does not appear to be specific for suprarenal fixation
devices since the EUROSTAR cohort demonstrated no
significant association between the types of device used
and graft migration.30 The other studies, using the AneurX
infrarenal fixation device, did not find significant associa-
tions between oversizing and migration,10,15,17 also not with
incorrect oversizing of <10% and >30%.5 In conclusion,
there are conflicting data regarding the risk of graft
migration when oversizing by more than 30%.
General discussion
Our study is the first systematic review that reflects upon
the benefits and risks of proximal endograft oversizingwhen performing EVAR. The advantage of the current study
is that we do not merely present the results of selected
studies. Instead, an overview of the best available evidence
is given. To this end, a thorough and systematic review of
the literature was conducted with a wide and sensitive
string search.
The results of this review are somewhat limited, because
no randomised controlled trials were found. All clinical
studies were retrospective single- or multicentre cohort
studies, except for the results from the prospective multi-
centre EUROSTAR registry. Furthermore, a meta-analysis
could not be performed because of the heterogeneity
between the studies with regard to materials and methods.
The studies used different endografts from several manu-
facturers. Each device has a specific design with specific
mechanical properties and radial forces, which probably
influences the outcome. The AneuRx device, for example, is
a self-expandable stent with columnar strength, and no
proximal attachment hooks, while the Zenith graft has hooks
in addition, and the Ancure graft is a self-expandable stent
without any columnar strength but with hooks. Currently,
most stent grafts mentioned in the presented studies have
undergone modifications or have been replaced by newer
models. This may complicate extrapolation of these studies
to the current medical practice. However, generalisation is
possible to some extent, since the vast majority of the
patients studied had self-expandable stents implanted. In
addition, many patients with older endograft types are still
seen in clinic for surveillance after EVAR. In clinical practice,
additional aspects should be taken into account when plan-
ning EVAR and choosing the appropriate endograft size. For
calculation of the degree of oversizing and the size of the
endograft needed, exact diameter measurements are
necessary. The incidence of complications is likely to be
related to the accuracy of the measurements taken. Ideally,
measurements should be taken in a plane perpendicular to
the aorta, using centre-line reconstructions.27,37 Most iden-
tified studies poorly described the used imaging methods,
used thick CT slice images (up to 5 mm) and did not use
central lumen line reconstructions, which may have seri-
ously impacted the accuracy of the measurements. On the
other hand, when an endograft is implanted in an angulated
aortic neck, it might not land perfectly in line with the aorta,
but rather angulated, which decreases the ‘effective’
amount of oversizing. Therefore, more oversizing might be
beneficial in patients with severely angulated necks. Addi-
tionally, recent studies have reported on aortic pulsatile
diameter changes throughout the cardiac cycle, which
probably complicates endograft sizing in specific patients as
with the current high-speed multi-detector row CT acquisi-
tion the obtained images may be anywhere in the diastole,
systole or in between.38,39 What should also be taken into
account, and what most studies failed to report, is the inter-
and intra-observer variability of diameter measurements,
which are both up to 2 mm in the AAA neck.29
Since new devices are on the market, new studies are
warranted to carefully monitor follow-up to assess dilata-
tion, migration and complication rates. The majority of
studies that investigated neck dilatation are characterised
by poor methodology, and therefore more studies of higher
quality are needed. This is in line with the conclusion of
a recently published review about aortic neck dilatation
52 J. van Prehn et al.covering the majority of the articles that were included in
this study, although the authors did not assess the influence
of endograft oversizing on dilatation.40 Future studies should
ideally collect the measurements prospectively through
a standardised protocol with a predetermined definition of
significant dilatation and migration, based on observer
variability coefficients. Ideally, measurements should be
made using high-resolution digital CT images (slice thickness
1 mm) and central lumen line reconstructions. Pre-opera-
tively, CTA scans should be carefully assessed to measure
neck diameter and calculate oversizing. Consensus
regarding inner-to-inner (luminal) or outer-to-outer aortic
diameter measurements is mandated to improve compara-
bility of studies. Other possible important confounding
anatomical characteristics such as neck length, diameter,
shape, angulation, and the presence of thrombus and
aneurysm sac diameter should also be assessed.
Conclusions
This review shows that there are theoretical advantages
and disadvantages of proximal endograft oversizing. On the
one hand, oversizing improves radial force, enhances
a good seal and can compensate for natural aortic aneu-
rysm neck dilatation. On the other hand, it may lead to
graft folding and might induce neck degeneration and
dilatation with subsequent migration. None of the studies
described a positive relationship between the degree of
oversizing and the incidence of proximal endoleaks. Rather,
we found that up to 25% oversizing seems to decrease the
risk of proximal type I endoleaks. No clear correlation
between oversizing and aortic neck dilatation relative to
the first post-operative scan was found. There are con-
flicting data regarding the risk of graft migration when
oversizing by more than 30%. In conclusion, most studies
that have assessed the impact of endograft oversizing on
complications are flawed by poor methodology. The current
standard oversizing regime of 10e20% appears to be safe
and preferable.
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Supplementary data associated with this article can be
found, in the online version, at 10.1016/j.ejvs.2009.03.025.
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